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1. Introduction
Roof-top Solar Photo-Voltaic (“PV”) could represent an important renewable energy technology option
for ‘alternative energy-disadvantaged’ Singapore, particularly if system costs drop further or if solar panel
efficiencies improve dramatically due to technological breakthroughs. Innovative business models could
pave the way for large-scale deployment of Roof-top Solar PV in the island nation. One such innovative
business model is Roof-top Solar PV Leasing, which is already popular and extensively used in countries
such as USA and Australia.
A Residential or Commercial roof-top Solar PV Leasing transaction is structured as follows. A solar PV
project developer negotiates with the owner of a residential, commercial or industrial building to lease the
rooftop of the building at zero, nominal or market cost for a fixed duration. The developer and rooftop
owner then enter into a transaction defined by an agreement that specifies the contractual terms and
conditions of the transaction. The developer subsequently proceeds to finance, install and commission a
suitably sized, grid-connected solar PV system on the rooftop, which generates electrical energy. This
energy is sold by the developer to the rooftop owner at a slight discount to the tariff that the latter
currently pays the grid for electrical energy supply. Any excess energy generated can be sold to the grid at
whatever price the grid is willing to pay at the time the energy is supplied (provided the grid has a policy
of accepting energy generated by distributed sources). Alternatively, if the rooftop owner’s energy
requirement is low, all the energy generated from the rooftop system can be sold to the grid. The proceeds
of the energy sales can either be shared with the rooftop owner or retained by the developer. In the latter
case, the developer typically offers compensation to the rooftop owner for the use of the roof-top space.
In this paper, we assess the economics of the Solar PV Leasing model in Singapore and estimate the
financial returns for equity investors in such projects. We then briefly discuss whether equity investment
in Solar PV Leasing projects create financial value or not for such investors.
2. Methodology
We employ a two-stage methodology consisting of (a) Deterministic Analysis and (b) Stochastic
Analysis.
In the Deterministic Analysis stage, we estimate the equity returns using the standard NPV and IRR
approach typically used in Finance and Engineering Economics theory. Assumptions are made for the
values of key variables such as capital expenditure, revenues and costs over the lifetime of the project.
These assumptions are determined based on best estimates of the values of the variables, typically the
expected average values. Cash flows to the project and to the equity investors (net of debt payments) are
estimated and the NPV and IRR are computed. An assessment is made as to whether the investment
opportunity is a profitable one or not.
In the Stochastic Analysis stage, we perform a sensitivity analysis and identify the variables that have the
greatest impact on the NPV. The probability distributions of the sensitive variables are used to randomly
generate a range of possible scenarios and the NPV for each scenario is computed (Monte-Carlo
Analysis). A risk profile of the obtained NPVs is plotted based on the results of the Monte-Carlo analysis
and the riskiness of the investment opportunity is assessed.
3. Model Specification and Results
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In this section, we discuss the model parameters, define the variables and present the results of the
analysis.
3.1. Model Specification
The Net Present Value of the Developer’s investment in the solar leasing project is governed by the
following equation:
NPV  
k 1 1
CFk
)k
Cash Flows (CFk) in any period are derived after netting out the cash expenses pertaining to the period
from the revenues occurring in the period. Revenues are computed as the product of electricity tariff and
the amount of energy generated by the system for the quarter. The amount of energy generated by the
system in any given quarter is a function of the solar irradiation received and the efficiency of the solar
system in converting the irradiation into electrical energy. Expenses are estimated as a fixed percentage of
revenues. Quarterly discount rate is obtained from the annual rate, which, in turn, is derived using a
Weighted Cost of Capital approach. In this method, the Cost of Equity is derived using the Capital Asset
Pricing Model while the Cost of Debt is obtained through interviews conducted with developers. The
weighted average of these two, assuming a 70:30 Debt:Equity ratio is computed and is used for the
Discount Rate. The obtained discount rate for the Base Case is about 7.5%. The Capital Expenditure is
estimated through interviews with private sector developers and averaging the inputs obtained on Module
Costs and Balance of System Costs. Development costs have been ignored for the purposes of the
analysis.
3.2. Results
In the Base Case Deterministic Analysis, the NPV of the equity cash flows over a 25 year period is a
healthy SGD 11,480 on an initial investment of about SGD 4,500. However, it has to be noted that the
NPV falls dramatically if estimated over a shorter time frame. To illustrate this, it takes about 9 years for
a discounted payback on equity invested, which is relatively high given that a majority of private sector
investment aims for paybacks of between 3 and 4 years (from author’s experience). The 25 year equity
IRR for the Base Case is about 22%.
In an Optimistic Case Deterministic Analysis, where the capital investment requirement falls due to lower
costs, cost of debt drops with a higher leverage ratio and electricity tariffs increase slightly, the NPV
increases to SGD 23,000 on an equity investment of SGD 2,850. The discounted payback period
correspondingly falls to less than 4 years. The 25 year equity IRR for the Optimistic Case is about 40%.
In a Pessimistic Case Deterministic Analysis, where the capital investment requirement increases, cost
of debt increases and leverage ratio falls to 50%, electricity tariff falls, the NPV is still positive, but a
much lower value of SGD 2,600 over an equity investment of SGD 6,400. The discounted payback in this
case increases to about 13 years. The IRR for the Pessimistic Case over 25 years is about 11%.
Table 1: Summary of Deterministic Analysis
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CASE NPV
(SGD)
Elec Tariff
(SGD/kWh)
Equity Capital 
(SGD/Wp)
Cost of Debt
(%)
Leverage 
Ratio 
(%)
System 
Yield
Pessimistic 2,609 0.22 0.63 10 50 15%
Base 11,500 0.26 0.60 8 60 17%
Optimistic 23,115 0.30 0.50 6 70 19%
Clearly, there is a strong case for investing in Roof-top Solar PV Leasing projects in Singapore as the
economics are attractive and the IRR even in the Pessimistic Case is significantly higher than the Base
Case discount rate of 7.5% or the Pessimistic Case discount rate of 8.5%. However, the Deterministic
Analysis is insufficient to conclusively determine the attractiveness of the investment as the variables are
mostly static and are varied arbitrarily to obtain Optimistic and Pessimistic Scenarios. To definitively
determine the feasibility of the investment opportunity, the randomness of the key sensitive variables has
to be incorporated into the analysis.
3.3. Sensitivity Analysis
By plotting tornado diagrams (Figure 1 at end of paper) of the impact of changes in key variables on the
NPV, we find the most sensitive variables to be a) Electricity Tariffs b) Capital Costs c) Solar Irradiation.
Given that Electricity Tariffs and Capital Costs are not really random variables (even if they are, the
distributions are not available), they are considered to be deterministic for the purposes of the analysis
and we focus on Solar Irradiation.
3.4. Risk Profiling
We use a three year record of daily averages for solar irradiation (kWh/m2) as measured in Singapore and
identify minimum and maximum values in the distribution. We then randomly choose irradiation values
that fall between the minimum and maximum values, translate the irradiation into system yield and
subsequently estimate the Revenues and NPVs for each randomly chosen irradiation value. We perform
1,000 such iterations. Interestingly, for all thousand randomly generated irradiation values, the NPV
remains positive, with the IRRs falling below 10% in only 7% of the 1,000 cases.
The implication of this result is that the equity investment in Roof-top Solar PV Leasing projects, under
the given set of assumptions, is highly profitable and almost risk-free.
4. Conclusions
If twenty-five year agreements can be signed with the off-takers of the generated energy, investing in
Roof-top Solar PV Leasing can be financially profitable and almost risk-free under a given set of
assumptions on tariffs and input costs. Developers and investors however need to exercise utmost caution
in the choice of off-takers as any agreement less than 15 years (Cumulative Distribution Function plots
for 20, 15, 12 and 10 years are in Figure 2 below) is largely value destroying with negative NPV.
Figure 1: Multi-factor tornado diagram to show input variable sensitivities
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